Summary. Bovine ovaries were obtained from the abattoir and corpora lutea were classified as: (1) (vasopressin) in follicles, whole ovaries and pregnancy corpora lutea. Therefore the concentrations of both peptide hormones were maximal during the first half of the cycle and declined before those of progesterone. The high concentration of oxytocin within the corpus luteum coupled with the presence of bovine neurophysin I suggests that oxytocin is synthesized locally.
Introduction
Oxytocin and vasopressin have been identified in bovine corpora lutea (Fields, Eldridge, Fuchs, Roberts & Fields, 1983; Wathes, Swann, Birkett, Porter & Pickering, 1983a; Wathes et al., 1983b) . Oxytocin levels were higher in non-pregnant than in pregnant cows, but as material from a number of animals was pooled in these studies no information is available on the concentrations within individual ovaries, and it is not known whether these vary during the cycle. However, Schams (1983) has demonstrated higher plasma oxytocin levels in the cow during the early-and mid-luteal phase and similar results have been recorded for the ewe (Webb, Mitchell, Falconer & Robinson, 1981 ; Sheldrick & Flint, 1981; Schams, Prokopp & Barth, 1983) .
The bovine ovary also contains neurophysin (Wathes et al., 1983a) which is synthesized as part of the same precursor molecule as oxytocin (Land et al., 1983) . Flint & Sheldrick (1982) have demonstrated an arterial-venous difference in oxytocin concentration across the ovary but not across the head of the ewe during the luteal phase. Both these pieces of evidence suggest that the bovid corpus luteum can synthesize oxytocin, although final proof of this hypothesis is still awaited. The aim of the present study was to see how ovarian oxytocin and vasopressin concen¬ trations alter during the oestrous cycle and pregnancy.
Materials and Methods
Collection of ovaries. Ovaries were obtained from mature Holstein-Friesian type cows at the local abattoir. Corpora lutea from non-pregnant animals were classified into four stages by a careful examination of the reproductive tract as described and validated by Ireland, Murphee & Coulson (1980) . Briefly, Stage 1 includes the interval between ovulation and the time when the epithelium grows over the rupture point. During Stage 2 the corpus luteum is enclosed in epithelium, blood vessels are visible around the periphery and the apex is red. In Stage 3 the blood vessels extend over the apex of the corpus luteum and the internal appearance of the corpus luteum assumes an even orange-yellow colour. In Stage 4 the ovaries contain at least one large follicle and the corpus luteum has decreased in size and has no blood vessels visible on the surface. Ireland et al. (1980) (Wathes et al., 1983a) .
The progesterone content of the tissue was estimated by a scaled-down version of the technique described by Axelson, Schumacher, Sjövall, Gustafsson & Lindell (1975) . The extraction medium (1 -5 ml chloroform : methanol, 1 :1 v/v) was added to the frozen tissue sample (10-20 mg) which was then homogenized for two 15-sec bursts. The homogenate was placed in an ultrasonic bath for 15 min, mixed, then centrifuged at 10 000 # for 3 min to remove the sediment. The supernatant was dried down under a stream of air and the extract was redissolved in 1 ml progesterone assay buffer.
Progesterone was measured by a specific RIA as described by Wathes & Porter (1982) . Recovery losses were estimated by adding [3H]progesterone to a similar amount of luteal tissue and recoveries were found to be 85-4 + 2-16%.
Extracts from all cows were measured in the same RIA for each hormone. In each case they diluted in parallel with the standard curve. Within-assay coefficients of variation were : oxytocin, 9-9%; vasopressin, 5-2%; bovine neurophysin I, 7-5%, progesterone, 9-3%. The sensitivities of the assays were 5 pg oxytocin/tube, 2-5 pg vasopressin/tube ; 25 pg bovine neurophysin I/tube and 15 pg progesterone/tube.
High-performance liquid chromatography (HPLC). Portions of the peptide extract from selected cows were subjected to HPLC separation as described previously (Swann, Gonzalez, Birkett & Pickering, 1982; Wathes & Swann, 1982 ). HPLC fractions were tested in radioimmunoassays for oxytocin and vasopressin.
Statistics. Groups were compared using Student's t test.
Results
The visual classification of the corpora lutea was supported by the data on their weight and progesterone content (Table 1) . The size and progesterone contents of the corpora lutea removed at each stage increased between Stages 1 and 2 (P < 0-001 and < 0-01), remained at a similar level during Stage 3 and then dropped precipitously by Stage 4 (P < 0-001). Progesterone levels in pregnant cows were similar to those in mid-cycle. Examination of the data showed that this was because the Stage 3 corpora lutea fell into two groups : 5 of the corpora lutea contained high concentrations of both oxytocin (1584+ 192 pmol/g), and progesterone (1151 + 10-8 nmol/g), whereas in the other 5 the oxytocin content was significantly lower (388 + 99-7 pmol/g, < 0001) although the progesterone content was actually higher (153-9 + 11-4 nmol/g, < 0-05) and the size remained unchanged (604 + 0-93 g, low oxytocin group; 6-94 + 0-43 g, high oxytocin group). Oxytocin was present at much lower concen¬ trations in the corpora lutea of mid-to late-pregnant cows. The range in individual animals was 0-7-15-1 pmol/g and showed no trend with stage of pregnancy although animals at gestational ages of 90-230 days were examined. Oxytocin concentrations were also very low in whole ovaries not containing corpora lutea and in follicles that were thought to be preovulatory (Table 1) (Dziuk, 1973) , the precise allocation of days to each stage is more arbitrary. The highest levels of all three peptides were found during the first half of the luteal phase. These data are in agreement with those of Schams (1983) who found the highest circulating oxytocin levels in the cow between Days 5 and 13 of the cycle. As half of the corpora lutea in Stage 3 had lower oxytocin concentrations even though the progesterone content and size gave no indication of regression it appears that the level of oxytocin normally declines before that of progesterone. This pattern differs from that reported by (Walters, Schams, Bullermann & Schallenberger, 1983) .
In the neurohypophysial system oxytocin and bovine neurophysin I are part of a common precursor linking one molecule of each peptide (Land et al., 1983) . Processing of the precursor leads to the presence of equimolar amounts of the two components in the neurohypophysis. Although in the present study we have found more neurophysin than we did initially (Wathes et al., 1983a) , the molar ratio of neurophysin to oxytocin in the corpus luteum of non-pregnant cows was still considerably less than 1 (0T1-0-33 Tan, Tweedale & Biggs (1982) showed that oxytocin may have a direct action on progesterone production by dispersed bovine luteal cells as concentrations of oxytocin below 40 mU/ml (67 pmol/ml) stimulated progesterone production whereas oxytocin in excess of 800 mU/ml (1344 pmol/ml) inhibited the response of the cells to hCG. These concentrations are within the range found in the bovine corpus luteum and this action could therefore be physiological. The relationship between oxytocin and progesterone levels seems to vary at different times in the cycle. During the early luteal phase both hormones are present in large amounts and increase in synchrony. In the late luteal phase, our data suggest that the fall in oxytocin may be followed by an increase in progesterone before this too declines, but as luteal concentrations can only be measured at one time in any one cycle this point is difficult to confirm. In the rat testis vasopressin is more potent than oxytocin in suppressing testosterone production (Adashi & Hsueh, 1981) and when given to heifers in the early luteal phase, vasopressin can depress plasma progesterone levels (McCann, O'Horo, Milvae & Hansel, 1981) .
Exogenous oxytocin can undoubtedly inhibit the formation of normal bovine corpora lutea but it has this effect only if administered between Days 3 and 6 of the cycle (Hansel & Wagner, 1960) . When given later in the luteal phase it does not alter oestrous cycle length (Hansel & Wagner, 1960) and may actually increase the progesterone content of the corpora lutea (Mares & Casida, 1963) . Our data and those of Schams (1983) indicate that oxytocin levels in the ovary and blood decline before luteal regression begins. It is probable that the remaining luteal oxytocin undergoes a positive feedback relationship with uterine PGF-2oc as suggested by for the ewe, leading to a more rapid completion of luteolysis. Nevertheless, it seems likely that the large amounts of oxytocin present in the first half of the cycle have an additional and as yet undefined function.
